Aims. Some transients, although classified as novae based on their maximum and early decline optical spectra, cast doubts on their true nature and whether nova impostors might exist. Methods. We monitored a candidate nova which displayed a distinctly unusual light curve at maximum and early decline through optical spectroscopy (3000-10000 Å, 500<R<100000) complemented with Swift UV and AAVSO optical photometry. We use the spectral line series to characterize the ejecta dynamics, structure, and mass. Results. We found that the ejecta are in free ballistic expansion and structured as typical of classical novae. However, their derived mass is at least an order of magnitude larger than the typical ejecta masses obtained for classical novae. Specifically, we found M e j ≃9×10 −3 M ⊙ independent of the distance for a filling factor ε=1. By constraining the distance we derived ε in the range 0.08-0.10, giving a mass 7×10 −4 M e j 9×10 −4 M ⊙ . The nebular spectrum, characterized by unusually strong coronal emission lines, confines the ionizing source energy to the range 20-250 eV, possibly peaking in the range 75-100 or 75-150 eV. Conclusions. We link this source to other slow novae which showed similar behavior and suggest that they might form a distinct physical sub-group. They may result from a classical nova explosion occurring on a very low mass white dwarf or be impostors for an entirely different type of transient.
Introduction
(also called nova Sct 2017; 17hx hereafter) was discovered on Jun 19.41 UT as a candidate bright nova (Stanek et al. 2017) . Spectroscopic confirmation came one day after the announcement (Kurtenkov et al. 2017a ) together with its CTIO spectral classification (Williams et al. 1991 (Williams et al. , 1994 . Reports of the 17hx light curve and spectral variations filled the ATels for about 3 months (Williams & Darnley, 2017; Saito et al. 2017; Berardi et al. 2017; Munari et al. 2017a,b,c; Pavana et al. 2017; Kuin et al. 2017; Kurtenkov et al. 2017b; Guarro et al. 2017) , while, the observations continued to build a substantial data set. In an attempt to make sense of the peculiar light curve of ASASSN-17hx, we collected spectra and in particular high resolution spectra for 2 years after discovery. In this paper we present those spectra and our results. In what follows, we make no assumptions about the classical nova (CN) nature of 17hx. We will show that a central object governs the radiative budget of the ejecta, and demonstrate that the spectra arise from a freely expanding gas in ballistic motion, as in CNe. Nevertheless, this transient is dissimilar to CNe in other significant aspects.
Observations and data reduction
The full characterization of a CN or an optical transient requires long term monitoring, preferably for several years. Our spectroscopic campaign extended for 2 years. The early decline phase was fortuitously monitored by UVES (Dekker et al. 2000) at the VLT within an independent program (299.D-5043 and 0100.D-0621, PI Molaro). The UVES sequence consists of four epochs spread over two months starting from two months after discovery. They sample (see light curve in Fig.2 ) two distinct optical photometric minima and the second maximum. The instrument setups and total integration times are listed in Table1. The UVES data were retrieved from the archive and processed using the Es-orex+Gasgano pipeline v5.9.1. Flux calibration was achieved using the instrument response curve produced by the observatory (no dedicated spectrophotometry was obtained during the observing nights). Due to the narrow slit employed (see Table 1 ) for the science and the default 5" slit adopted by the observatory for the calibration program, the UVES spectra are affected by unaccounted slit losses.
The early decline of 17hx was intensively monitored by the ARAS group 1 for over five months with low and mid-high resolution spectroscopy. We selected from the database the spectra having R≥9000, for inspection of the Hα profile 2 , and the low resolution (R<1000) flux calibrated spectra for inspection of Table 1 . Epoch of the VLT (Very Large Telescope)/UVES (Ultraviolet and Visual Echelle Spectrograph) observations and the adopted instrument setups. In all cases the CCD readout was "fast readout", "low gain", and un-binned. In columns 4,6 and 7, whenever two values are given, the first refers to the blue arm and the second to the red-arm. Note that the resolving power (R) of the red arm depends also on the CCD, within the 2 CCD mosaic (e.g. 95000 and 100000). UT Table 2 . The log of the observations for the ARAS spectra published in this work: the top 8 spectra are the low resolution flux calibrated spectra shown in Fig.9 ; the bottom 17 spectra are the higher resolution data used to produce Fig.10 for each of the selected ARAS spectra are reported in Table 2 . We note that the ARAS data are available in reduced form and that the data reduction process followed by the group is the standard procedure.
Late spectra were taken ∼9 and 11 months after outburst by one of us (TB) in low-resolution mode (LISA spectrograph on a 0.28 m Celestron telescope) together with broad band photometry (B, V) and have been complemented with mid-resolution spectra taken at the Heidelberg robotic telescope TIGRE with HEROS, almost 15 months after outburst (see Table 3 ). Note that LISA spectra were reduced following the same standard procedure outlined in the ARAS web pages and calibrated in flux through simultaneous photometry observations. The HEROS spectra, although pipeline processed according standard procedures, were not flux calibrated.
The last sequence of spectra consists of two NOT/FIES (Telting et al. 2014 , Frandsen & Lindberg 1999 ) spectra taken about two years after outburst with the aim of observing the optically thin nebular phase of the object (see Table 4 ). The data were reduced with the instrument pipeline at the telescope. The observing strategy envisioned for the instrument did not include background subtraction (there is no dedicated sky-fiber in midresolution mode), since it is expected to be insignificant. We verified this with a 900 sec sky exposure in which both the exposed and the masked part of the CCD showed the same count level, and with the science exposure whose inter order background roughly matched that of the sky exposure. We therefore ascribe only a few percent uncertainty to the flux calibration process in the absence of sky subtraction with FIES. We note that the largest systematic effect is introduced by the reddening correction (see Section 2.1).
Of the two FIES epochs, the May spectrum was contaminated by stray light (John Telting, private communication) that affected the background level redward of 6400 Å. Therefore, any physical parameter derived in the following sections relies on the data taken during the July run, which happened after the installation of a new light-leak baffle around the spectrograph shutter. During the July run, however, we experienced a color loss between the first and following two exposures. Specifically, we found up to 30% loss in the blue part of the spectrum (Hγ, 4363Å), and only ∼5% at Hα and 7065 Å, in the line flux of the second and third exposure compared to the first. This happened because the spectrograph atmospheric dispersion corrector (ADC) is set at the beginning of the sequence and not updated during subsequent exposures. Since the target crossed the meridian after ∼2/3 of the first exposure, the first exposure should have suffered differential color losses as well. Thus, our derived den- 
Reddening correction of the spectra
The high signal-to-noise and resolution of the UVES spectra allow us to use the interstellar absorptions to estimate the reddening. The spectra show multiple saturated Na I D and Ca II H&K interstellar components, indicating that 17hx is significantly reddened. The saturation of the Na I D absorption lines prevent using the Munari and Zwitter (1997) 
The much weaker and resolved K I absorptions are, however, blended with telluric absorptions so that using the analogous relation for the potassium resonance line provides only a lower limit: E(B-V)>0.4 mag. Fig.1 displays the antenna temperature profile of the neutral H from the LAB 21 cm maps (Kalberla et al. 2005) together with the interstellar absorption from Na I and Ca II in the local standard of rest (LSR) frame. The good match in the structures support using of the H I column density to estimate the E(B-V) following Bohlin et al. (1978) . Specifically, integrating the H I temperature in the velocity range [-20,+125] km/s (i.e. the velocity range spanned by the sodium and calcium absorptions), we derive E(B-V)=0.71±0.02 mag, where the uncertainty is purely statistical. This is the reddening we apply to all spectra in the following analysis. We note that the adopted E(B-V) agrees with the values derived by Munari et al. (0.68 mag, 2017a) and by Kuin et al. (0.8±0.1 mag, 2017) , within the errors.
All figures in this work were created using the observed spectra (i.e. not corrected for reddening). We applied the reddening correction ahead of any physical parameter derivation (Section 6.2). Table 5 , including data points that are outside the plotted time intervals.
Data Analysis: the light curves
The optical photometry strikingly shows that 17hx light variations are exceptional in both amplitude and timescale. Brightness variations of CNe during maximum rarely exceed 1-1.5 magnitudes, while their time scales never extend beyond a couple of weeks. Here the amplitudes are >2 mag on a timescale of 1-2 months. The amplitudes are greater in the V band.
The UV photometry, instead, is possibly suggestive of flux redistribution since the UVM2 flux displayed a drop during the first ∼50 days, while the optical flux increased. Unfortunately, because of the limited number of UV observations we cannot be conclusive. As of today, flux redistribution has been convincingly shown only for nova Cyg 1992 (Shore et al. 1994) .
The color light curves (Fig.2, bottom panel) , show B-V, V-R and V-I colors that are in low amplitude anti-phase with respect to the broad band light curves; 17hx seems redder during the minima than the maxima. However, spectroscopy shows (see Section 4, Fig.3 and 9 ) that the continuum SED is redder at maximum than at minimum. The color variation and in particular the V-I and B-V color maxima are driven by the strong emission lines during the photometric minima. Although less pronounced, similar behavior is not uncommon among classical novae (e.g. nova Cen 2013 and nova Sgr 2015b; see AAVSO light curves for the photometry and Mason et al. 2018 for nova Cen spectroscopy; nova Cen and nova Sgr 2015b spectra are publicly available in the ESO archive), and highlight the potentially misleading inferences from photometry alone.
Data Analysis: early spectroscopy, the optically thick stage

The high resolution UVES spectra
The four UVES spectra cover the first decline and minimum after the first optical maximum, the second maximum, and the decline after the fourth maximum (see Fig.2 ). They therefore permit a comparison in great detail (R≥60000) of spectral characteristics at the different photometric states providing important information about the gas kinematics and physics. At all epochs, the emitting gas is dominated by H I (from the Balmer and the Paschen series, see Fig.3 ) and low ionization potential metal lines, mainly Fe II (e.g. Revised Multiplet Table, RMT, 73, 40, 46, 55, 56, 49, 48, 41, 42, 35, 47, 37, 38, 27 and 28) but also Ca I (RMT 2) and II (H&K and the NIR triplet). Non-metal transitions are also present, e.g. O I (RMT 1 and 4), Si II (RMT 2), and He I. There are no forbidden transitions since, as we will show later, the densities at these stages are very high. Apart from that, the three minimum/decline spectra are similar to each other but very different from that at maximum. In particular, the minimum and decline spectra display a flat continuum, strong emissions with rectangular shape profile partially resolved into numerous structures (i.e. "castellated" tops), and weak or absent absorption components. Conversely, the maximum spectrum displays a redder continuum, weak emission components with a smooth profile and strong P Cyg-like absorptions (see Figs. 3, 4, and 5) . The difference in the emission line profiles suggests that, during minima, only a small number of structures is contributing to the emission component; while, at maximum, many more structures contribute to the emission creating a blended profile.
Most important, the ionization degree of the emitting gas changes with the photometric oscillations and is higher at minima than at maximum. This is best illustrated by the changes in the He I lines (see Fig.6 ). The weakness of the emission component during the maximum indicates reduced He + recombination, yielding insufficient emission measure for detection. The velocity displacement of the absorption, instead, indicates that during maximum the absorption (of high energy photons) is confined to the low velocity regions of the gas. In other words, larger volumes and higher velocities are involved in the He + recombination during minima.
The Ca transitions confirm this trend (see Fig.5 ). The strengthening of the narrow absorption at ∼-460 km/s, together with the appearance of a much broad and deep absorption component at ∼-660 km/s in both Ca I and Ca II transitions indicates more neutral Ca and Ca + at maximum than at minimum. During the photometric minima the Ca is largely twice ionized, given that the Ca + ionization potential (IP) is 12 eV, i.e. less than that of H 0 , Fe + and much less than that of He 0 .
Neutral silicon, an intermediate ionization potential element (IP∼8 eV), displays analogous behavior to the Fe II transitions (see Fig.7 ). Like the optical iron multiplets, the Si II doublet is a transition between two excited levels, specifically 4s and 4p. The lower level 4s is connected to the ground state by resonance transitions (λ1533,1526). To produce λ6347,6371 emissions and absorptions, the resonance UV transition must be optically thick with low collisional de-excitation of the 4p level. This suggests an electron density n e ≃7×10 14 cm −3 . Again, the strong broad absorption visible at maximum suggests that at this time there is more Si + than at minima when it is likely twice ionized. The Si II disappears in the last UVES spectrum, suggesting that the gas has diluted to the point that the UV doublet λ1553,1526 is no longer optically thick and thus incapable of overpopulating the 4s level. We exclude that the Si + further ionized into Si 2+ since the IP for Si + is about the same as Fe + (∼16 eV) and Fe II transitions are still present in the last UVES spectrum. Finally, O I is detected only in the RMT triplets (1) and (4). They are interesting for their remarkably different profiles. The RMT triplet (1) (λ7772,7774,7775) forms mainly via recombination cascade of O + . It can display absorption components because its lower level leads to the ground state through an intercombination transition. In contrast, RMT triplet (4) (centered around λ8446), is mainly produced by optically thick H Lyβ transition that pumps the upper level of the OI λ1025 and, by cascade, populates the upper level of the λ8446 triplet (Keenan and Hynek 1950) in combination with an optically thick O I λ1302 (which is responsible of the overpopulation of the lower level 3 S of the triplet and explains the occasionally strong ab-sorption component). Neutral oxygen has nearly the same ionization potential energy as H (∼13 eV) and the ∼ λ7774 triplet has a similar profile to the Balmer lines (see Fig.8 where the triplet is plotted together with the Hδ transitions, top panel). The hydrogen and oxygen recombine together with just small local differences. The λ8446 triplet, in contrast, shows only emission whose profile matches the Fe II and Si II transitions at minima, but displays almost pure absorption at maximum. Like Fe II and Si II, the λ8446 triplet results from UV pumping that is favored by the high UV opacity of the "iron curtain".
In summary, at minimum the ionization state of the gas increases displaying stronger, structured emission profiles and higher velocity absorptions in the high IP energy transitions, but null or weak absorption in the low IP energy transitions. In contrast, at maximum the gas recombines, the average emission measure within each transition diminishes, and the photoexcitation is confined to the low velocity range (the lower deep absorptions of the maximum P Cyg profiles).
The narrow absorption at around -460 km/s
All the UVES spectra display a narrow absorption at ∼-460 km/s that is present in all transitions (H I, Fe II, Ca I and Ca II, Si II, Article number, page 5 of 16 to 5 and EW measurements show that the narrow absorption is stronger at maximum and weaker at minimum; i.e. it varies responding to the radiation field in phase with the rest of the ejecta. This requires similar physical conditions in the narrow absorption region and the ejecta. Hence, the narrow component originates in the ejecta and its persistence informs about the gas kinematics, specifically, that it is in ballistic expansion (v ∼ r) as typical for explosive processes. The emitting gas is not a wind and is not a pulsating pseudo-photosphere but an ejecta similar to CNe.
The low and medium resolution ARAS spectroscopic sequences
The ARAS spectra listed in Table 2 support and extend our finding from the UVES spectra. Fig.9 shows the evolution of the SED, uncorrected for reddening, and of the emission lines across the first photometric cycle. 17hx displays a flat continuum and strong emission lines with weak or no (i.e. not resolved) P Cyg- like absorptions during the minima and the declining states. Instead, it has a redder continuum and strong P Cyg during maxima and the rising state. The similarity of the line profiles at minimum and decline or maximum and rising phases is more evident in Fig.10 which displays the evolution of Hα, Hβ, He I λ5876 (blending at any time with Na I D both of ejecta and interstellar origin), and Fe II λ5169. The spectra are normalized to the continuum. What emerges from the figure is:
1. the emission line component in each transition at minimum is always at least an order of magnitude stronger than at maximum; 2. the Hα and Hβ profiles are remarkably different (especially from day +74 on), indicating that the lines are very optically thick; 3. within each cycle, the line profiles change from a strong emission flanked by a weak P Cyg absorption to a weak emission with a strong P Cyg absorption. However, on subsequent cycles the emission component both strengthens and broadens; 4. the emission profiles differ systematically in structure depending on the photometric state, showing rectangular and castellated forms, especially in the low ionization potential energy transitions, during the minima and smoother and featureless profiles at maxima. 5. high ionization potential energy species (e.g. He + which recombining produces He I lines) display no emission during maxima and detectable emission during minima. In addition, their absorption component (which is always single and shallow) moves outward and inward at minima and maxima respectively.
Both Fig.9 and Fig.10 show that the degree of ionization of the emitting gas increases at minima with respect to maxima while the continuum becomes bluer.
Data Analysis: late low and medium resolution spectroscopy, the transition stage
The two LISA low resolution spectra taken during March and May 2018, 284 and 344 days after outburst, are similar to each other and show a highly opaque emitting region (see Fig.11 top panel). Hα is one order of magnitude stronger than Hβ in the observed spectrum (10 −10 vs 9×10 −12 erg/cm 2 /s/Å, respectively), Article number, page 7 of 16 Fig.11 bottom panels), although not flux calibrated, can be used to confirm the line identification of the LISA spectra and that the unidentified lines have disappeared. The higher resolution spectrum also reveals some differences in the line profiles. In particular, the forbidden transitions display relatively stronger wings (up to ∼ ±1200 km/s), indicating that they arise in the high velocity, lower density peripheral regions of the ejecta.
Data Analysis: late high resolution spectroscopy, the optically thin stage
The two FIES spectra, taken about 2 years after outburst, are separated by only ∼2 months. The spectra are quite similar and display the same species and transitions, in line with the slow evolution of 17hx. We show only the July 2019 spectrum in Fig.12 , since it was not contaminated by scattered light (see Section 2). In both spectra, the strongest emission lines are still those of the H Balmer series. The forbidden transitions, however, have increased in relative intensity with respect to the 2018 observations, especially the λ3869 of the [Ne III](1) doublet that is among the strongest lines in the spectrum. The He II λ4686 emission line is also one of the strongest lines (see Fig.12 ). There are a few lines which we are unable to identify, in particular, λ6638 and 6487, although are well isolated and not in a blend. We detect no C II or C III transitions and only very weak C IV λ5801,5812.
The two FIES spectra confirm that 17hx entered an optically thin stage since the line profiles remain unchanged in the two epochs (see Fig.13 ). The ejecta however are not yet in nebular conditions how we will show in Section 6.2.
Central source spectral energy distribution constraints
We can infer a few important things from the comparison of the 2019 FIES spectra with those from 2018, and the intercomparison of the FIES spectra. The strengthening of the He II emission together with the appearance of the coronal lines in the later spectra indicates that the ionization degree has increased and that the ejecta is exposed to EUV/x-ray photons. The strengthening of the [O III] emission lines, instead, indicates that the density has decreased. The LISA and HEROS observations demonstrate that in 2018 the density of the expanding gas was still too high to display a significant increase in ionization and that the ejecta was barely beginning to "thin". Conversely, in 2019 the density of the ejecta must have decreased enough to become substantially ionized.
Although we cannot compare the relative intensities at the two 2019 epochs along the whole wavelength range of the FIES spectra because of the scattered light contamination (May spectrum) and color losses (July and possibly May spectra), we Fig. 8 . Evolution of the O I triplets (RMT 1, top, and 4, bottom) . Note that triplet (1) is resolved in the narrow absorption at ∼-460 km/s. Together with the triplet (1) we overplot (gray line) the Hδ profile for a comparison (see text for details; note that the H line has been arbitrarily offset in each subpanel; in the bottom subpanel it has also been scaled by a factor 0.5). A&A proofs: manuscript no. aanda weakening of the hydrogen emission together with the constancy of the He II and coronal lines, requires that the ionizing source is still active. The coronal lines emission profiles are at least as broad as the permitted and the nebular transitions. They also display the same structures and their profiles are unchanged between the two epochs (Fig.13) . This precludes the role of shocks in their formation. Shocks excitation of different regions of the ejecta, or between the ejecta and any circumstellar material, should be localized at the colliding region and therefore display marked differences between coronal and permitted or nebular line profiles. They should also produce changing profile with time as the shock propagates. That said, we can constrain the incident spectral distribution of the ionizing source using the coronal lines and transitions from elements that present a range of ionization, e.g. in addition to [Fe VI], [Fe VII] and possibly [Fe X], He I and He II 4 . The corresponding ionization potential (IP) are in the range 75 to 230 eV for iron, and 24 to 54 eV for helium. Since [Fe X] is very weak and since we certainly do not detect [Fe XIV] or [Fe XI], we place the upper cut-off of the ionizing source in the range 200-250 eV (the IP for Fe 10+ is ∼260 eV).
The stronger [Fe VII] and [Fe VI] transitions compared to the (putative) [Fe X] (which has a transition probability ∼100 times greater) requires substantial flux from the ionizing source in the range 75-100 eV. It cannot be much below that otherwise He + would be over-ionized (although the fraction of doubly ionized helium is increasing). On the low energy side, we place the low cutoff at about 20 eV in order to have H just recombining (it weakens between May and July because of expansion) and He ionizing.
Ejecta mass and filling factor
The invariant structures in the line profile (both forbidden, i.e. optically thin transitions by definition, and in the Balmer lines) indicate that the gas is in free expansion and optically thin. The observed decrease of the Hβ emission (-15-20%) in consistent, within the errors, with the density dropping with time, t, as t −3 (-20-25%) typical of freely expanding gas in ballistic motion and of CNe. Hence, we can constrain the electron density from the [O III] lines as we have done for late nebular spectra of CNe (e.g. Shore et al. 2013a Shore et al. , 2013b Shore et al. 2016; Mason et al. 2018) . We are aware, however, that the relative intensity of the [O III] components in 17hx indicates that collisional de-excitation is not negligible and the density must exceed the critical density. We verified that for spectra of CNe whose [O III] emission had similar relative strength to 17hx, the derived ejecta mass is smaller than that computed from later spectra because of the collisional damping of the diagnostic lines. We therefore used the [O III] diagnostic to estimate the nebular density and constrain the ejecta mass, being aware that the first is likely underestimated because of the wavelength dependent flux losses (see Section 2) and the latter will be underestimated because of collisional damping of the forbidden transitions. Fig.14 shows the nebular density derived using the [O III] diagnostic for an assumed electron temperature of T e ∼10000 K (Osterbrock 1989, chapter 5), velocity bin per velocity bin. Since the 4959 Å component is heavily blended with [Fe VII] we disentangled its contribution using the 5007 Å profile scaled by the ratio of their transition probability (2.9 in NIST). We find an average density of ∼3.5-4×10 7 cm −3 with some minor fluctuation across most of the line width.
We constrained the ejecta's geometry by mimicking the emission line profiles with our bicone code, i.e. a Monte Carlo simulation that scatters, in ballistic but otherwise random distribution, 10-30 thousand points (representing, each, individual ejecta structures) within a biconical geometry that can vary in opening angle, thickness and orientation (Shore et al. 2013; Mason et al. 2018) . The closest matching model has maximum velocity v max =1500 km/s, high inclination (∼80 deg), wide opening angle (∼140 deg) and is geometrically thin compared to other novae (i.e. v min ∼50 to 60% of v max compared to ∼30% for nova Mon 2012, nova Del 2013 and nova Cen 2013, see Shore et al. 2013a , 2016 . With the density, its radial gradient and the geometry of the ejecta we can derive the ejecta mass upper limit for a filling factor of unity: M e j ≃9×10 −3 M ⊙ . We emphasize that, although this estimate is model dependent, requiring the departure from sphericity, it is independent of distance. We know, however, that the filling factor, ε, is <1 since the structures in the line profiles indicate fragmented ejecta. The question is whether ε can reduce the ejecta mass to the range of normal CNe. To obtain ε we need the absolute luminosity of a purely recombination line, Hβ, sampling the same volume as the nebular diagnostic. This requires knowing the distance. The observed line of sight H I 21 cm emission is optically thin and its matching profile with the atomic interstellar absorption lines (see Fig.1 ) indicates that 17hx is fairly distant. Using the Galactic rotation curve, for the highest observed radial velocity of both the 21 cm emission and Na I and Ca II absorptions, v LS R ≃120 km/s, we obtain a line of sight dis-4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 Fig. 12 . The FIES spectrum of 17hx 762 days after discovery (uncorrected for reddening). The Y-axis units are erg/cm 2 /s/Å tance of ≈ 7.6 kpc. Moreover, the total reddening inferred from infrared maps in 17hx direction is E(B-V)=1.5 mag (Schlafly & Finkbeiner 2011 ) and is about twice our derived value (see Section 2.1). Considering that most of the dust is confined within the Solar circle, our derived E(B-V) is consistent with 17hx being located at about the same distance as the Galactic center. We therefore take 7.6 and 8.5 kpc as a lower and upper limits for the distance to constrain ε. The dereddened Hβ integrated flux is L(Hβ) obs =2.04×10 −11 erg/cm 2 /s/Å (=1.95×10 −12 in the original extinct spectrum). As in our previous studies, we define ε ≡L(Hβ) obs /L(Hβ) predicted where the prediction is based on our computed n e and volume from the models, assuming case B recombination. The latter may overestimate the real recombination rate, given the high densities of the ejecta. For the distance bounds, we obtain 0.08 ε 0.1, yielding ejecta mass in the range 7×10 −4 M e j 9×10 −4 M ⊙ . These estimates are at least an order of magnitude higher than the largest values derived for CNe, especially those we have similarly analyzed.
Discussion and conclusions
ASASSN-17hx resembles a CN in some properties, but it is strikingly anomalous relative to the majority of CNe in a number of other aspects. Specifically, 17hx can be explained with the same dynamical and bolometric physical model we have advocated for CNe (Shore et al. 2012 , 2013a , 2016 , de Gennaro Aquino et al. 2014 ) that does not require a wind, or dynamically interacting multiple ejections. The light curve results from redistribution and reprocessing of the photons emitted from a central source as they pass through the ballistically expanding ejecta. The ejecta are structured as in CNe. The spectra developed, analogously to all CNe, from an initial opaque phase, through a transition/semi-opaque phase, to a transparent nebular one. The oddities are in the details. The early outburst was dominated by large oscillations that for amplitude and interval between peaks are unusual for CNe. The nebular spectra displayed unusual line strength in the coronal emissions. The estimated ejecta mass is higher or much higher than typical CNe and this, combined with the observed velocity, implies a larger kinetic energy than typical CNe. We now discuss each of these points in detail.
On the light curve oscillations
Our early spectroscopy demonstrates that 17hx optically thick phase oscillations were accompanied by changes in the degree of ionization of the expanding gas, with higher ionization observed at the minima than at maxima. Thus, the photometric and Article number, page 13 of 16 A&A proofs: manuscript no. aanda spectroscopic changes can result from alternating ionization and recombination waves propagating through the expanding gas as the underlying source varied in brightness and SED (or hardness). When the incident flux is higher or harder, the pseudophotosphere recedes, the continuum peaks at shorter wavelength the visible and the NIR fluxes drop, the iron peak elements ionize and He I is excited. This is a photometric minimum. If the incoming radiation is softer, the pseudo-photosphere expands, the brightness of the continuum at long wavelength increases and the spectrum returns to its previous state of lower excitation and ionization degree in the emission line spectra. This is a maximum. Once the ejecta turns sufficiently transparent and the pseudo-photosphere disappears, there are no longer continuum oscillations, independent of the behavior of the underlying ionizing source. However, changes might be observed in the emission lines, as reported for, e.g., V1494 Aql (Iijima & Esenoglu 2003) and V603 Aql (McLaughlin 1943) . The ability of a freely expanding ejecta to display photometric oscillations in response to an illuminating variable source depends on the relative timescale of the source oscillations and radiative diffusion timescale of the expanding gas. The latter decreases as √ τ, where τ is the ejecta optical depth, which decreases as time −2 with the expansion. If the expansion is very fast (i.e. expansion timescale ≪ variation timescale of the source) the opacity drops immediately and there will not be detectable oscillations in the light curve. If instead, the source variations are much more rapid (i.e. high frequency pulses), than the diffusion timescale, the ejecta will act as low pass temporal filter and just display an average brightness or low amplitude fluctuations. When the source pulse intervals are comparable to the diffusion timescale, the ejecta will display oscillations. These might appear very slow when the density (i.e. τ) is high, since the diffusion timescale is longer, but will become more frequent as the density (and therefore τ) drops. The amplitude of the oscillations decreases with time since larger portions of the ejecta become transparent because of the expansion. This can explain both the 17hx light curve and the "O" (oscillation) and "J" (jittering) type light curves shown in Strope et al. (2010) . This bring us to the question of the nature of the central source. The pulses from the underlying source must be sufficiently intense and rare to produce the observed effect on the ejecta. Smaller amplitudes and more closely spaced peaks like those observed in, e.g., DQ Her or nova Sgr 2015b, would require higher pulse frequencies and lower amplitudes. The light curve jitters or oscillations could appear already at maximum or during early decline, depending on the initial ejecta opacity and the pulse cadence of the underneath source. Conversely, the smoothly declining light curves would either have no pulses in the underlying source or a very rapidly expanding ejecta or a combination of the two. In any case, given the variety of observed jitters and oscillations the pulses should be similar to non-Gaussian noise with an occasional stronger signal capable of producing significant/outstanding variations in the light curve. These pulses are not the oscillations observed in the x-ray count rate at the "onset" of the supersoft source phase: those are likely too rapid, too small and, most importantly, explained by the differential changes in the transparency of individual intervening ejecta structures. The non-Gaussian noise-like pulses could re-sult from the white dwarf (WD), or the resumption of accretion, or any temporary unstable interaction that might be occurring in the post-outburst phase on timescales of days to weeks. We suggest that those pulses, especially when they appear at maximum, could be due to unstable burning by a nuclear source igniting just at the critical temperature. This depends on the mass of the WD. Massive WDs reach higher temperatures while mixing occurs on a relatively small envelope. Instead, low mass WDs reach lower temperatures closer to the critical value for the TNR ignitions so that, because of mixing, we can imagine a situation of marginal stability and intermittent burning. The envelope mass is larger and mixing take longer and is less uniform. The burning layer would be embedded below a substantial envelope which would be partially radiative in its outer part, making the convection zone deeper and the supersoft source appear softer. The lower the WD mass, the more extreme this could be. The reduced degeneracy of the envelope would make it similar to unstable shell burning (Schwarzschild and Harm 1965 ; see also José 2016 , Iliadis 2007 . Supporting this picture, the ionization degree displayed by the FIES spectra suggests a ionizing source that is energetically limited to the range 20-250 eV and peaking between 75-100 or 75-150 eV. While we do not know its SED, it was not a SSS in its usual sense 5 . Otherwise, more highly ionized Fe would have been detected. The inferred energy distribution is consistent with a buried nuclear source, or a cooling WD, or an accretion disk.
On the late spectral appearance and the coronal lines
17hx is also peculiar for the relative strength of its coronal lines. When compared to classical novae followed until their "coronal phase" as in the CTIO survey by Williams et al. (1991 and , we note the following. 1989b , nova Sct 1989 , nova Cen 1991 , nova Oph 1991a , nova LMC 1991 , nova Sgr 1991 and nova Pup 1991 (Williams et al. 1991 , and nova Aql 1999b (Iijima and Esenoglu 2003) . The only objects that are similar to 17hx are nova Oph 1988 (V2214 Oph) in the CTIO survey, and V723 Cas, that was monitored by Iijima (2006) over 6 years. Both objects, like 17hx, developed strong coronal lines and weak [O III]. They also displayed strong [Ne V] lines, while for 17hx we lack such information as our spectra are not sufficiently extended in the blue. Both V2214 Oph and V723 Cas were slow novae with extreme oscillations during the early decline (whatever "early" might mean in this case). Strope et al. (2010) classified the first as an S-type nova (i.e. smooth light curve), but they missed early decline data points which are published in Williams et al. (2003, although these lack error bar). V723 Cas, whose light curve Strope et al. (2010) assigned to the J class, had a remarkably slow spectroscopic evolution (Iijima 2006 ) that is very similar to 17hx. It took about 18 months to enter the optically thin phase. Two years after outburst it showed substantial spectroscopic evolution with dramatic strengthening of the He II line λ4686 and the appearance of the coronal lines from [Fe VI], [Fe VII] and [Ca V], while [O III] remained much weaker than Hβ (Iijima 2006) . The ionization of the ejecta further increased, showing [Fe X] over four years after outburst (Iijima 2006 ). In addition, Iijima (2006) reports broader line profiles in the higher ionization potential transitions (i.e. He I and H) than those with low ionization potentials (e.g. Fe II) and similarly more extended wings of the coronal transition relative to the nebular lines in the late spectra. This matches the ionization structure observed in 17hx and is consistent with the ionization structure expected in a ballistically expanding gas powered by a central source.
On the ejecta mass
To continue the comparison of 17hx and V723 Cas we look at their ejecta masses. Iijima (2006) using integrated line fluxes derived an unusually large n e , but a quite small mass (5×10 −6 M ⊙ ), possibly incompatible with the observed slow evolution. The line fluxes reported in Iijima's Table 7 indicate a strongly collisionally damped [O III] ratio 4 years after outburst. We derived an independent value for the V723 Cas ejecta parameters, estimating the [O III] and Hβ lines intensity from Iijima's Figure 14 and modeling their profiles with our Monte Carlo simulation and maximum expansion velocity v max =1600 km/s. The upper limit for the mass, for a filling factor of unity, is 0.03 M⊙. Adopting Schaefer's (2018) distance of 5.6 +1.9 −0.7 kpc we derive ε=0.01 and M e j =3×10 −4 M ⊙ for V723 Cas. Although uncertain these values are similar to those derived for 17hx. The two objects have a somewhat large ejecta mass, about an order of magnitude larger than typical CNe, and possibly more. The largest uncertainty is in the distance and, the closer the object, the more CNe-like the ejecta mass, but the smaller the filling factor which falls in the range for recurrent novae (e.g. T Pyx, Shore et al. 2013b) . It is interesting to note that these large ejecta masses expand with velocities that are comparable to those of typical CNe, implying larger kinetic energy.
In their nova sequences, Yaron et al. (2005) found an increase in the ejected mass with decreasing white dwarf mass, with a 0.4 M ⊙ WD ejecting < 7 × 10 −4 M ⊙ . This is at the lower limit of our range for the ejecta mass in 17hx. Furthermore, since these were one dimensional simulations, the filling factor is unity by definition. Hence, the mass and kinetic energies we derive are likely far higher than these models produced. The same holds for the TNR results from Starrfield et al. (2013) , who found that even for low mass accretion rates and low mass WDs there is a TNR that can ultimately eject some mass, although neither as much as in Yaron et al. (2005) nor near our estimated value for 17hx. Starrfield et al. (2013) also remark that unsteady nuclear burning would result for accretion of solar composition material and no mixing.
On the progenitor
Saito (2017) identified the 17hx progenitor with a Ks∼16.7 mag star in the VVVX survey, also matching a nearby Gaia DR2 source of G=19.3 mag. The latter, once dereddened and scaled to 7.6 kpc (see also Evans et al. 2018) , has an absolute magnitude M V ∼3 mag, consistent with old nova absolute magnitudes determined by Selvelli and Glimozzi (2019) . The same exercise repeated in K band produce M K =2 mag which is somewhat bright for a cool main sequence companion, but compatible with an evolved donor. Saito's identification implies that 17hx outburst amplitude was 11 mag. We note that there are not other visible Article number, page 15 of 16 objects nearby 17hx and that its outburst amplitude would be much larger than 11 mag should the identification not be confirmed. In, contrast, Gaia DR2 magnitudes and Schaefer's distance for V723 Cas indicate an absolute magnitude M V 0.1 mag which does not match an ordinary old nova or quiescent cataclysmic variable.
In conclusion, after this long presentation and physical dissection of the source properties using every tool we have developed for the study of CNe, we cannot be confident about the transient progenitor. Although ASASSN-17hx has many of the earmarks of a classical nova, we may be dealing with an impostor.
